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1. To determine the impact of current forestry practices upon
the water, soil and vegetation of the boreal forest eco~
systems of Ontario.
2. Where the impact is shown to be detrimental to any of these
factors, to develop economically and ecologically acceptable
alternative practices.
Study Approach
Although this study was not conducted within the Great Lakes
Basin it is the only Canadian study available in Ontario dealing
with any aspect of forest management practices and their effect
upon water quality and quantity. The study site was the Experi—
mental Lakes Area maintained by the Fisheries and Marine Service
of the Federal Department of the Environment, about 55 kilometres
southeast of Kenora, Ontario.
To date only clearcutting and/or scarification have been
investigated because of manpower, time and financial constraints.
However, forest management in Ontario includes many different
treatments such as various cutting methods, fire control, the use
of herbicides, pesticides and fertilizers, and has to contend with
a great variety of climatic, soil and vegetation types.
Methods
The study at the Experimental Lakes Area included twelve
small watersheds of 35 to 1250 hectares (88 to 3000 acres) located
in the headwaters of the English and Winnipeg rivers systems.
Vegetative conditions on the watersheds consisted of uncut
mature jack pine (Pinus banksiana Lamb.) and black spruce (Picea
mariana [MilL] B.S.P.) intermixed with white birch (BetuZa
papyriféra Marsh.) and aspen (Populus spp.), through various ages
of harvesting, with a number of watersheds in each group. Owing
to the uniformity of the bedrock and mantle and the uniform age
and structure of the vegetation it was felt that major disruptions
of the system should be detectable by studying watersheds in uncut,
and cutover conditions of various ages since cutting.
Water samples were collected weekly from April until October,
analyzed immediately for forms of nitrogen and phosphorus at the
camp laboratory, and then sent to the Federal Freshwater Institute
in Winnipeg for determination of cations and anions. Only the
active growing season was covered because detectable surface run-





























































































































































































































































































































































































































































































































































































Total dissolved nitrogen (TDN)
Suspended nitrogen (Susp N)
Total dissolved phosphorus (TDP)
Suspended phosphorus (Susp P)










































































































































































































































































































































































































































































Table 2. Disturbance on the Canadian side of the Great Lakes Watershed due to forestry
operations during 1974—51 (areas in ha)
  
Superior Huron Erie Ontario Total
Operation Ha Percent Ha Percent Ha Percent Ha Percent Ha Percent
Clearcut 32381 .385 7181 .078 0 0 1003 .034 40565 .178
Partial cut 8737 .104 18264 .198 2648 .116 6184 .209 35833 .157





. 9690 .115 7141 .078 3143 .138 4970 .168 24944 .109
and tending
Pest control 8126 .097 2442 .027 158 .007 124 .004 10850 .047
Total
60461 .719 35347 .384 5959 .262 12281 .415 114048 .499
1Source: Ontario Ministry of Natural Resources annual summaries of silvicultural operations
acquired from Regional Foresters concerned.
 
 Table 3. Disturbance on the Canadian side of the Great Lakes Watershed due to forestry operations









































































Ontario Ministry of Natural Resources annual summaries of silvicultural operations acquired
from Regional Foresters concerned.
lO/ll.2 Loads
Unit area loadings were compiled by averaging the
annual loads produced by the watersheds in each distur—
bance category over the course of four years
(Table 4).
Total dissolved phosphorus and suspended sediment appear
to more than double following clearcutting. Suspended
sediment production from these small watersheds has
returned to preharvesting levels within four or five
years, however, phosphorus does not seem to respond as
rapidly.
Table 5 presents unit area loadings by months and
demonstrates that the greatest losses occur during the
spring, reflecting high runoff owing to snowmelt and
spring rains.
Losses are much lower during the summer
because of reduced flow. These results are depicted
graphically in figures 1 to 4 to reinforce further the
observation that elemental losses are closely allied with
flowrates in these small watersheds. Owing to the lack
of complete flow data for the entire year no further
attempt will be made to define seasonal losses.
In order to present estimates of total dissolved
phosphorus and suspended sediment loads with the Beale
ratio estimator (Tin 1965, Kendall and Stuart 1968), the
missing months of flow data were estimated by comparison
with complete annual records maintained for four water-
sheds near the camp. Most of these small watersheds
have a period of 12 to 16 weeks during the winter when
there is virtually no flow; the other months for which
data are not available are in general, periods of very
low flow; therefore, the estimates should be reliable.
Table 6 shows total dissolved phosphorus loadings
and Table 7 suspended sediment loadings calculated accord—
ing to the Beale ratio estimator technique. It should be
noted that the unit area estimates for both parameters are
substantially lower than those presented in Table 4 where
the Beale ratio estimator was not used because of the lack
of flow data. Another major point in relation to suspended I
sediment is that it generally arises from channel and bank 5
erosion, not sheet erosion, under natural conditions.
However, channel and bank erosion were not investigated
in this study. There was no major increase in suspended
sediment production from these small watersheds. There-
fore, eVen under disturbed conditions sheet erosion does
not appear to be a problem when disturbance occurs from
forestry operations on the Canadian Shield.
  
 TabJe 4. Average unit loads (kg/ha/Vr) over a four—vent period (1973-6) from undisturbed and C1earcut watersheds in northwestern 0ntarioE
Susp Susp Susp
Conditions NHq—N N03—N TDN? N TDP3 P





.126 .108 2 028 .342 .032 .018 3.494 3.260 18.570 12.200 4.156 1.314 2.918 7.334 1.024 1.768 5.37







Cut two Vears .144 .144 2.126 .258 .036 .018 2.400 3.120 16.548 8.598 3.070 3.232 1.942 5.104 2.230 1.714
Cut three years .268 .184 5.768 .544 .120 .044 5.972 9.624 27.736 16.728 9.072 8.488 5.492 13.152 7.896 3.048 5.4
Cut Four years .120 .128 3.576 .352 .072 .028 3.608 6.320 16.536 16.652 6.296 4.632 3.536 8.832 4.080 1.716 5.43
Cut five years .052 .036 1.644 .124 .036 .008 1.388 2.108 13.184 6.428 2.460 1.616 1.412 3.856 1.752 1.108 5.48
   
1These values were not ca1cu1ated using the Beale ratio estimator due to problems of applying the method
2Add TDN and Susp N to determine total nitrogen
3Add TDP and Susp P to determine tota1 phosphorus
 
Table 5. Unit area loadings (kg/ha) for 1975 and 1976 by months in three selected
disturbance categories
 









.7602 .0136 -— ——- ——- ——
— ——— ——
May
.4342 .0098 .1076 .5373 .0103 .6270 1.1887 .0254 .2296
June
.4084 .0070 .4965 .5237 .0091 .8111
.8210 .0165 .4285
July
.3166 .0052 .1516 .3201 .0069 .3239
.5984 .0126 .3177
August
.0132 .0002 .0227 .0940 .0016 .1113
.1230 .0032 .1130
September .1368 .0019 .1956 .5414 .0077 .7866
.6646 .0138 .2982
 













.0465 .0008 .0584 .0594 .0008 .0486
.1116 .0022 .0498
June
.0225 .0004 .0372 .0764 .0013 .0926
.1035 .0022 .1180
July
.0950 .0010 .0788 .2085 .0034 .4105
.3309 .0044 .1694
August
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7. Suspended sediment loadings of small forested
ratio estimator technique






































































































Table 8 is a further attempt to estimate phosphorus
loadings from forested land to the Great Lakes. A bare
minimum of samples, taken by the Ontario Ministry of
the Environment in 1973, were available from four .
major rivers flowing into Lake Superior. Because of
the small number of samples the data were not strati—
fied and this led to the extremely high mean square
errors and the rather high unit area loading estimates.
These results should be used with extreme caution and
only as an indication of possible maximum loadings.
Sediment data were not available.
Study of four watersheds during a period extend—
ing over the undisturbed state in 1973, through a
wildfire in June of 1974, and for the two succeeding
years, indicated that the effects of fire on nutrient
and erosion losses are of the same magnitude as those
of clearcutting (Table 9).
There have been few fires of any magnitude in
recent decades in the Great Lakes Basin. During 1973
there were 527 fires with a total area of 11 km2, and
in 1974, one of the worst potential fire years in recent
time, there were 703 fires with a total area of 23 km2
or less than .01 percent of the basin.
Study of an intensive recreation site near the
Experimental Lakes Area (ELA) indicates that recrea-
tion can have a very deleterious effect in terms of
environmental degradation. Continuous use appears to
have more permanent impacts than the long—term rotations
of forest harvesting. Soil compaction increased with
increasing use. Compaction also occurs on skid trails
and landings during the harvesting operation but studies
have shown that freezing and thawing cycleshelp to
relieve these conditions within a few years of the
harvest. Bare soil and bare rock exposure was increased
in heavily used recreation areas owing to destruction
of vegetation. Erosion rates rose as was evidenced
by frequent exposure of tree roots in highly impacted
areas. However, Table 10 indicates that concentrations
of total phosphorus and suspended sedimentdid not
change because of the presence of the recreation area




















































































































































Campground in northwestern Ontario












































































































































































































2Flow data were not available, therefore loadings could not be calculated







Although this study dealt only with non—point
sources in the forestry field some data were acquired
on point sources from pulp and paper mills in the
Great Lakes watershed (Table ll). The eight mills on
Lake Superior discharge either directly into the lake
or into a river a short distance from the lake; the
four mills on Lake Huron are some distance from the
lake; Lake Ontario has four mills near the lake and
five somewhat removed. Some of these point source
problems, with discharges of mercury, zinc, and taste—
and odour—creating compounds, have already been detected
by the Upper Lakes Reference Group study and the Ontario
Ministry of the Environment (OMOE) is currently attempt—
ing to reduce the pollutants produced by these mills.
For instance, it was recently announced (November 16,
1977) that seven of the eight Abitibi mills in the
province will institute a 44 million dollar program
over the next five years for air and water pollution
abatement. Three of these mills are on Lake Superior
and one each in the Lake Huron and Lake Ontario water—
sheds.
Significance of Land Uses and Practices
Table 12 is a rough estimate, and therefore must
be used with caution, of the contribution of total
phosphorus and suspended sediment from forestry opera—
tions in the Lake Superior and Lake Huron watersheds.
It can readily be seen that the pulp mills are the
major producers. The field operation estimates were
compiled using data from the northwestern Ontario
studies and therefore may be low because rainfall is
heavier and the soils are less sandy in the Great Lakes
Basin than in the study area. Even with these low
estimates, however, it would require an extremely
large increase in losses from the field operations to
achieve the levels produced by the pulp mills. Also,
it should be noted that at least 50 percent of the total
production from areas disturbed by forestry operations
can be attributed to natural erosion.
Estimates using the data from Table 8 indicate the
total phosphorus load from forested watersheds to be in
the order of 1300 metric tonnes for the Canadian side
of Lake Superior and about 880 metric tonnes for Lake
Huron.




















1974 217 1211 596,878 39,981 120,647 83,956 2,942 97,685 2,348 10,902 30,542 814 234
































1Personal communication from Social Sciences Division, Inland Waters Directorate, Burlington, Ontario
2Blanks indicate either no release of that element or data not available
*Reductions over years reflect fewer mills reporting rather than an actual decrease
  




Metric tonnes per year























































































































































































































































































































































deltaic depvsits are fine sand in texture.
Representative samples indicate a bulk density of
1.10 to 1.43 g/cm3 and a moisture holding capacity of
4 to 10 percent at 0.3 bar and 2 to 5 percent at 15 bar.
Particle size analysis resulted in 3.94 percent very












fine sand, and 4.66 percent silt and clay.
Soil profiles are typically humo—ferric podzols on




small—scale spatial variations in
the internal drainage conditions of the soils are caused
by changes in both the depth of soil parent material
over bedrock and the microtopography.
As a result, soil
profiles representative of a wide range of drainage con—
ditions may be found within an area that is explored by
the roots of one large tree.
Most of Superior and the northern half of the Huron
watersheds are comprised of shallow soils derived from
glacial till over Precambrian bedrock ranging from loamy
to sandy in texture with some localized deep deposits of
sand and minor local deposits of clay. The southern
half of Huron, all of Erie, and most of the Ontario
watersheds are deep loams and clays with some fairly
extensive pockets of deep sands and gravels.
lO/ll.8 Transferability
Transferability of the data to the entire Great
Lakes watershed can only be sketchy at best; however,
this must suffice for the present. Probable reliability
will be questioned but the data are not available to
define closely forestry contributions to Great Lakes
water quality. Inaccuracies will undoubtedly arise but
it appears that forestry field operations are a very
minor contribution to problems in the Great Lakes.
RECOMMENDATIONS
Many substances considered as water pollutants are natural pro-
ducts of the forest through geologic erosion, nutrient leakage, and
organic material deposition. Research demonstrates that water yield
will increase following harvesting and then decline with revegetation,
therefore, channel erosion and nutrient outputs will probably increase
as well. The key questions are the amount of material available and
the situations in which they could reach water bodies. Therefore,
we must explore the area between potential and fact.
The land system, type of disturbance and distance of the activity
from a water body are very critical factors in this consideration.
For example, scarification for regeneration in jack pine and black
spruce types is becoming a relatively common practice, however, most
of the disturbance is carried out on flat or gently rolling terrain
where runoff is negligible, infiltration is maintained, and revegeta—














































































































(2) limit skid trails to low gradients,
(3) leave buffer strips along water bodies,
(4) harvest
fine textured
soils when frozen or on snow,
(5) do not harvest steep slopes of fine
textured soil,
(6) keep vegetative residue out of lakes,
streams,
drainageways and ditches, and (7) scarify lightly to reduce massive
disruption and keep time for revegetation to a minimum.
The importance of planning in the initial selection, construc-
tion, and maintenance of intensive recreation areas cannot be over-
emphasized.
One major consideration is to match user volume to the
carrying capacity of the site.
When pesticides are used, their effects on water quality can
be minimized or prevented completely by following the manufacturer's
instructions for use and storage, avoiding direct application to
water surfaces, and applying appropriate quantities.
Potential pollution areas are those in close proximity to water
bodies and it is here that care should be taken.
The key to control
lies in good land management of all forestry operations that may
create a disturbance in natural ecosystems.
Knowledge of all the




Comparison of some ratio estimators.
J. Amer. Statist. Ass.,
Vol. 60, pp. 294 ff.
Kendall, M.G. and A. Stuart.
1968. The advanced theory of statistics.
Vol. 3, 2nd Edition, Hafner Pub. Co., N.Y. pp. 217 f and pp. 238
(exercise 40.14).
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